epidemiology of measles which may be peculiar to populations of low density. The period of twenty yeas, 1893 to 1912, has been selected for this purpose, and the writer is indebted to Dr. A. Campbell Munro, Consulting County Medical Officer, for access to the records of these years and for guidance in their compilation.
It may be said at the outset that measles has been seriously regarded in Renfrewshire. Notification has not been an end in itself, but only the beginning of concerted preventive measures arnd propaganda aiming at control of the disease. The writer is satisfied, from an intimate knowledge, of the administration in Renfrewshire, that every practicable means of controlling measles recognized during the period under review was applied wholeheartedly.
In a previous paper Li] an effort has been made, with limited success, to demonstrate the effect of notification in Renfrewshire, by comparing the deaths from measles there and in adjoining administrative areas. So far as they went, the figures quoted indicated that notification was an advantage; but the absence of the data which notification affords is an obstacle to any accurate comparison of the behaviour of measles in an area where it is not in force with one in which it is.
In the course of the present inquiry any internal evidence for or againsi the value of notification has been sought. The main purpose, however, is to put on record the observed facts of the incidence and fatality of measles in an area of this character. No detailed information from a County area appears to be available in medical or epidemiological literature and the importance of obtaining it justifies notification, from the scientific point of view, even if no other benefit can be proved.2 PERIODICITY. I If the monthly incidence of measles in Renfrewshire is traced throughout the years since 1891, the long and short waves, now recognized as a characteristic feature of the disease, are clearly seen. The long wave seems to have a period of about twenty years, although the duration of the observations is not sufficient to make this certain. The biennial period is very pronounced at the summit of the long wave but tends to be lost in its trough. The usual spring-summer incidence occurs. The form of the waves fits fairly well Brownlee's theory of recurrent vitality of the virus at intervals of nearly, but not quite, two years [2] . The practical point, however, is that there is fair correspondence between the behaviour of measles in the two Districts and in the adjacent city of Glasgow. There is therefore fair ground for assuming that a common strain or strains of measles virus inhabit these areas and that further comparison of the statistics of measles between them is permissible.
DEATH-RATES.
In Table I , the mean death-rates from measles in certain periods of ten years are shown. The mean death-rate from measles in Renfrewshire has not been high in any of these periods and it is also apparent that notification was not followed immediately by any decline. But the marked fall in both Districts during the last ten years is striking, in view of the fact that several years of this period were included in the summit of a long wave when a high death-rate might have been expected. It remains to be seen whether this decline is attributable to change of incidence or of fatality. The mean case-rates in two periods of ten years during which notification was in vogue are shown in Table II . The case-rate has declined in both Districts, but to a much less extent than the death-rate has fallen. The latter decline is therefore not explained by the former. The fact, however, that the case-rate has fallen at all is significant in view of the fact, already mentioned, that the second period was exceptionally favourable to high incidence. It would seem to be fair to give at least some of the credit to notification and preventive measures. 
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FATALITY.
For the same periods of years the mean case-mortalities are shown in Table III . A marked decline in fatality has occurred which appears to be of real significance so far as errors of chance are concerned and which accounts for the difference between the fall of the death-rate and of the case-rate.
There may have been some failure of notification in the earlier years which would have the effect of exaggerating the difference of fatality and of diminishing the difference in the case-rates. In the opinion of the writer, this fallacy is not great in the Renfrewshire figures and the main feature of the period of notification, preventive measures and propaganda has been great diminution of the fatality of measles. It will be observed that the fatality of measles is lower in the rural Second District than in the First District, which is more densely populated. The comparison may be carried beyond the County as in Table IV . 
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Roughly, the fatality falls as the density of population diminishes. Many factors have to be considered such as age-distribution of the population, social status, higher resistance of the rural child to disease, immunity from complications and varying efficiency of administration, and some of these will be dealt with later. But some other explanation seems to be required to account for the variation of fatality, not only between town and county, but also of excessive fatality in isolated epidemics occurring in institutions, in armies and in " unsalted " populations, many of which are recorded in literature.
As illustration, reference may be made to the behaviour of measles among the soldiers of the Highland Division at Bedford in 1914-15, a chart of which has been kindly lent to the writer by Colonel Dewar. There is no evidence that measles was more than usually fatal to the civilian population at that time but its fatality among these susceptible Highland soldiers was 12'4 per cent. The first cases were infected from civilians and the fatality in October (eight cases) and November (seventy-nine cases) was nil and 2 53 per cent. respectively. Later, however, when other soldiers were infected from these mnen the fatality rose to 13-82 per cent. in December and 15'62 per cent. in January. It is not sufficient to say that the "unsalted " character of this Highland population was the cause of the excessive fatality; that is not the experience among similar immigrants in Glasgow infec-ted at random from the general population. Unhygienic conditions for the patients probably did exist but not more so in the later than in the early stages.
It is suggested that the explanation tentatively given by Whitelegge [81 is the correct one, viz., that the virus of measles is intensified under circumstances which favour rapid transmission from person to person in a highly * e 2 iS the standard error, measuring the significance of the difference between rates in the first line (1) and the second line (2) of the table. susceptibIe population. As the opportunity for rapid transmission is clearly greater in cities and towns than in rural districts, the difference of fatality in such areas may also be due to this cause.
INCIDENCE AND FATALITY ACCORDING TO AGE.
It has been shown that the fatality of measles, irrespective of age, has been higher in certain urban areas than in the County of Renfrew. This might be due partly to a difference in age-incidence. There is a contrast between incidence in town and county. In the county the age of attack is delayed. The proportion of all cases of measles which occurred at ages und,er 3 years (the most fatal) was 24'75 per cent. in Renfrewshire, 33'32 per cent. in Aberdeen and 34'50 per cent. in Glasgow. This, however, explains only partly the difference in fatality already discussed.
In Renfrewshire, as in Aberdeen, there was a sudden excess of incidence in the sixth and seventh years of life-i.e., at the age of entering school. This indicates the effect of schools in exposing susceptible children to measles and justifies the attention given to this mode of transmission in Renfrewshire, where closure of infant classes has been regularly applied whenever departmental inquiries have shown that such classes were likely to have been infected.
If such methods were successful they should in course of time delay the age-incidence of measles. The result was tested in the two areas of Renfrewshire, and it was found that the more rural district had a lower incidence at all ages under 10 years, but higher above that age. In this district, too, there had been a decline in the case-rate at each age under 10 in the second decennium and a slight transference to the age period 10-15. In the First District, however, exactly the opposite movement had occurred, the younger chilaren being more heavily attacked. The contrast may be expressed briefly in terms of the mean age of all cases under 20 years of age. In the First District the mean age fell from 5'35 years in 1893-1902 to 5'16 years in 1903-12; while the corresponding figures for the Second District were 5 94 and 6'09. The conclusion may be drawn, therefore, that in this important respect the efforts of the Health Department have failed in the First District but have had some success in the Second. The further inference can be drawn that the greatly reduced fatality in Renfrewshire has not been mainly due to more favourable age-incidence of the disease in the second ten years.
The fatality of measles at various ages of life in different places may be studied from the figures of Renfrewshire, Aberdeen, Glasgow and Willesden (Table V) . The general trend of the figures is similar in the four places, but at each age fatality in the county is much lower than in the large cities, and is approached only by that in Willesden. It is evident that whatever influences in the less densely populated areas conduce to low fatality are exerted equally at each age of life, and the comparatively low mortality in Renfrewshire is not entirely, or even mainly, explained by favourable age distribution of the cases. 
INFLUENCE OF SOCIAL CONDITION.
For want of a better measure of social condition the size of house occupied has been adopted as in other similar inquiries ([4] and [51). So far as incidence of the disease is concerned, the population in small houses is most heavily attacked. For instance, for the years 1910, 1911 and 1912 the rates per 1,000 of the population were 28 in one-apartment houses, 36 in two-apartment, 19 in three-apartment, and 13 in houses over this size. The records of Glasgow, which are similar, show that the difference is not entirely due to the larger population at susceptible ages in small houses, but similar census information is not available to confirm this in Renfrewshire.
Fatality is also connected with size of house in Renfrewshire, falling from 1'85 per cent. in one-apartment, 1'24 per cent. in two-apartment, 0'69 per cent. in three-apartment, to 0'31 per cent. in larger houses (cf. Glasgow and Aberdeen). In Scotland, however, the csccupants of oneand of twoapartment houses belong practically to the same social grade, and it is probable that the heavier mortality in one-apartment houses is mainly due to the larger proportion of young children among the occupants. This view is strengthened by examination of the fatality-rates among children in Renfrewshire under 3 years of age, which are 3n7 per cent. in one-apartment, 37 per cent. in two-apartment, 2'5 per cent. in three-apartment, and 1'1 per cent. in larger houses. The general rule, however, holds good, even at these ages, that fatality diminishes as social station improves. Renfrewshire's low fatality as compared with Aberdeen and Glasgow is repeated in each size of house, and is therefore not due to better social conditions of the patients, just as it has been shown not to depend on favourable age-distribution. THE ADMINISTRATIVE CONTROL OF MEASLES. Any measures for this purpose must have regard to the channels of infection. Children are infected in their homes or at school or at random. The fact is that most children of school age, especially in rural districts, are infected at school, and it is through the school that any measures to control measles have usually been applied.
The effect in Renfrewshire of domiciliary and of extra-domiciliary infection on the age-distribution of cases goes to show that whereas only 34'6 per cent. of the primary cases are under 5 years of age, 65'9 per cent. of the secondary cases occur at these ages-i.e., before entering school, and the sudden aggravation of incidence among primary cases in the sixth and seventh years is further evidence of the influence of schools.
This influence is also illustrated by Charts I and II, which show for two typical districts the course of a measles epidemic as it involves the school population and the children under school age. Chart I shows the course of an epidemic as it affected primary cases among school children, other primary cases and secondary cases in a relatively isolated village. In the first three weeks most of the cases were primary cases of school age, while secondary cases formed the bulk of those sickening in the last four weeks. Primary cases under school age formed a small proportion at any time. The epidemic burned itself out in eight weeks. Only half the cases were infected outside of their homes, and less than ope-third of these were under school age. This form of epidemic is characteristic of the incidence of measles in isolated villages.
In the other epidemic (Chart II) a populous area on the outskirts of Glas-gow was involved. Sporadie cases were occurring until the infant class of a school was infected on March 4, an outburst of school primary cases following a fortnight later. In another fortnight a crop of secondary cases occurred, and, coincidently, the incidence of primary cases under school age increased. The fall of school primary cases was delayed by infection of a second school and the curve of secondary cases followed more or less the same course; but the primary cases under school age continued to occur in increasing numbers, and formed the bulk of the latter half of the epidemic. More than two-thirds of the cases were primary, and two-thirds of these were under school age. This chart is typical of the course of measles in populous places. Clearly, it would be difficult to control an epidemic of the latter type by efforts directed at the school. Random infection plays too large a part. On the other hand, the epidemic traced in Chart I indicates that control through schools may be possible. Dr. Campbell Munro [9] and others have cited many instances in which they were satisfied that school closure had been effective in practice, and the statistics as to mean age, &c., quoted above, suggest that such measures have been of value in the Second District of Renfrewshire, where small isolated communities predominate. The results in Renfrewshire, however, which probably represent the best that can be attained by school closure, indicate only partial success. In any case such measures can only indirectly protect the young children who constitute the bulk of the secondary cases, and among whom the fatality is high.
The method suggested by Brownlee [10] of transferring exposed susceptible school children from homes where there are younger susceptible children, aims at a solution of this problem. It presents serious administrative difficulties, and would probably fail in populous districts, but an area such as the Second District of Renfrewshire would be a suitable field for an experimental trial of the method.
Hospital treatment and home nursing can provide effectively for only a limited proportion of the cases lying ill at any one time during an explosive epidemic. In any case such methods can have little or no effect on the incidence, and it has not been proved that they diminish the fatality to a greater extent than continuous propaganda as practised in Renfrewshire.
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CONCLUSIONS.
(1) Notification of measles has been justified in Renfrewshire, not only by the epidemiological inlformation it has furnished, but also by its effect on mortality from the disease.
(2) It has not materially affected the case-incidence in the more populous dihtricts, but there is evidence that the rural districts have benefited also in this respect.
(3) Apart from any administrative measures, age-incidence, or social conditions, there are factors rendering measles a much less fatal disease in rLural than in urban areas.
DISCUSSION.
iDr. G. S. BUCHANAN said that it was important that the object of the Ministry of Health in withdrawing the General Order relating to the notification of Measles should not be interpreted to mean that in the opinion of the Central Department no value was obtainable from notification. The contrary would be obvious fronm a study of the circular and memorandum which accompanied the official statement about the withdrawal of the Order. The essential point to remember was that in this disease the principle value of notification lay in the facilities which it could give to a properly organized systeim of care and nursing for the measles case. Wherever such system existed and would be facilitated by 'notification, the necessary powers should be obtainable and official sanction could always be obtained. In regard to the adoption of notification in a rural district as a mneans of combating measles by school closure, he was doubtful whether for this purpose only the notification was desirable. Reference had been mlade to the outbreak of measles in the Highland Division in Bedford in 1914. He had always regarded this outbreak as a striking but probably only a typical instance of what would happen to an adult community exposed for the first time to measles infection. There might have been some quite exceptional intensification of the type of the infection, but it certainly was not reflected in the civil population at the same tiine. The figures which had been shown no doubt suggested an intensification of severity as time went on, but caution should be exercised in interpreting them. So far as incidence was concerned, the whole question was gov-erned by the arrival and new infection of drafts of men from the remnoter parts of the Highlands who had not previously been exposed to any measles infection. So far as concerned mortality, a number of other questions had to be taken into account besides that' of intensification of type, including the conditions under which the cases were treated and the opportunities of cross infection. The Bedford experience indeed suggested that if, by extreme measures of school closure, isolation and otherwise, it was possible to keep school children in a rural district from measles infection, it was still doubtful whether the public health authorities would really be acting in the best interests of these children in future life, and in the best interests of good preventive medicine, by applying such measures. They would be keeping the children from measles at school age only to let them take it at a much more inconvenient time, and possibly in a severer form, in subsequent adult life.
Dr. W. BUTLER said that Dr. Picken's results in the main corresponded with those which he had made some years ago at Willesden on the whole question of mleasles incidence and had presented to the Section.' He differed in some respects from the author in regard to the aim of preventive mleasures, not considering that mneasles could, in existing circumstances, be regarded as preventable. The greatest success which their efforts could produce would lie in postponing the incidence to an age-period when measles was less fatal.
Dr. E. W. GOODALL asked whether cases of rubella had been included or not in the measles notifications. In some years rubella was very prevalent, and its inclusion in notification statistics might vitiate conclusions drawn fromll them in respect of measles. The extremely high fatality in the epideml-ic amongst the Highland troops at Bedford was most unusual, and required an explanation. He agreed with Dr. Brownlee that the pulmonary complications of measles were not always due to secondary infections.
Occasionally cases of measles were met with in which there was clinical evidence of invasion of the lungs at an early stage of the disease, before the rash appeared. He was of the opinion from clinical experience that the birus of measles attacked primarily the respiratory tract and paved the way for the invasion by secondary organisms. But measles rarely proved fatal within a week of the onset. In estimating the length of the illness in fatal cases if it was desired to obtain accuracy, it was not safe, though it might be convenient, to date the beginning of the attack from the appearance of the rash, because the rash not infrequently came out after the fourth day.
Measles very rarely killed the patient otherwise than through the lungs. Purely toxic measles was, in his experience, rare.
Dr. ROBERT MILNE said that when Dr. Butler had read his paper on measles before the Section of Epidemiology in February, 1913, he (Dr. Milne) had taken exception to the statement made that nothing could be done to prevent measles from spreading over a community except by the exhaustion of the combustible material. Dr. Butler had said that " one condition, and one condition only, places any permanent barrier to its spread, and that is the protection conferred by immunity. The control of measles, so far as one can judge from a broad survey of the facts, is likely to be successfully effected when a vaccine has been discovered.... Until this is done, it would seem that measles must play its time honoured r6le and visit in continually recurring epidemics the successive generations of men, who in this natural but sacrificial manner acquire the protective immunity which enables the greater mass of the population to withstand the otherwise ever present presage of a pandemic disease." When he (Dr. Milne) had read a paper before the Section for the Study of Disease in Children,' two years previously, he had said that " measles could be controlled and prevented." He had then told how in a community of 1,400 children two years ago, when his method of prevention had not been carried out, there had been altogether ninety cases. Yet he had been able to assure two distinguished medical visitors that under his method, then being carried out carefully, there would not be a fresh case after a fortnight. And it had actually been so. At Woodford Bridge, in a Home with 400 boys, from 4 to 12 years of age, those who had attended four different schools where measles was prevalent, and who had at first had no prophylactic treatment, had been infected. The treatment had then been commenced and not a case had appeared after two weeks, although they had continued to attend school. A girl had been brought (from service) to the Girls' Village Home in an ambulance, suffering from measles. Instructions were given to admit her to the hospital, take her into an empty ward, carefully treat her in the usual manner, and then put her in the ward where there were nineteen children. She had been there all the time. Moreover, at the same time and in the same ward there had been a case of scarlet fever. No cross infection or complication had occurred. This was the invariable experience with these cases when the provisos were carefully carried out. Some hundreds of medical officers and private practitioners had examined his cases in all stages of both scarlet fever and measles. Yet no one had ever found any complication or infection although they had seen cases of both diseases in rooms.with over twenty children under 7 years of age. After ten days they attended school with over 700 other children. Dr. Milne concluded by referring to the success of the method which he advocated in France, alluding in particular to the approval which it had received in reports published in 1914 in La Pre88 Medicale by Madame Willbouchewitch and others. Reference should also be made to the Bulletin de l'Academie de Medicine of June, 1920. He appealed to medical officers of health to test the method further and give their decision, and free their isolation for nobler and better purposes than isolation of measles and scarlet fever.
Dr. CARNWATH gathered that Dr. Picken was disposed to criticize the Ministry of Health for rescinding the Measles Notification Order, but it seemed to him that the figures submitted bore testimony to the wisdom of this decision. It had to be borne in mind that the notification of measles served a very different administrative purpose from, say, the notification of small-pox. Early knowledge of small-pox cases was essential to the effective control of the disease, but the hope of limiting the spread of measles by means of notification was now generally admitted to be futile. What notification could do, however, was to furnish the local authority with knowledge of the cases which required special assistance, in the way of nursing, medical treatment, or feeding, and in that way, if used as the auxiliary of a good medical service, it might contribute to mitigation of severity and reduction of fatality of the disease. He would have liked to have heard more of the administrative action taken by the Renfrew authorities in dealing with cases as they were notified. Was any hospital accommodation I Proceeding3, 1911, iv (Sect. Study Dis. Child.), pp. 142-154, 173-184.
O-EP la provided ? Had any attempt been made to improve the domiciliary nursing service? He admitted that it would be difficult for a local authority to provide a nursing service' that would be equal to every emergency. All that could be done was to have a nucleus which could be extended as the need arose, and in this connexion he thought that more work was required on lines which would enable a local authority to tell when an outbreak was likely to take place. It had been noted in most school outbreaks that danger threatened only when the proportion of susceptible children in the infant departments passed a certain point. He would like to know whether Dr. Picken had made any observations as to the position of this " flash point " in the Renfrew schools.
Dr. PICKEN (in reply) stated that every effort had been made to exclude cases of rubella. The staff of the Public Health Department were familiar with the distinguishing features of these diseases, and the nmedical officer visited obscure cases hillmself. Hospital treatment was rarely offered, and the striking fact was that the mortality fronm measles had declined in so marked a manner without either hospital treatment or home nursing-i.e., mainly by propaganda. As to the outbreak in the Highland Division, he thought that his theory was supported by the fact that the men arrived in batches. The later arrivals were more or less isolated fromi the civilian population, and were infected directly from other soldiers, by passing through whom it was suggested that the virus had been intensified. His information was that the hygienic and nursing environment of the later cases, among whom the fatality was so high, were not so defective as to explain the exceptional fatality.
